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PI-Neigh’s 9 years of experience in delivering these data to NASA
2d Pl’s, these three reasons create a bottleneck that impedes two
mon uses of these data:

ndividual scenes for evaluation and validation of coarser resolution NASA
D products; and

analyses of VHR scenes to quantify environmental phenomena with object-
ased classification or 3D-reconstruction from one of many individual VHR
enes.

e target audience is broadly the community of NASA-funded Earth
entists, specifically scientists funded through ABoVE, HIMAT, and
Istered users of cad4nasa.gsfc.nasa.gov. Access to the VHR data is
ed to NASA-funded researchers so we are targeting the ABoVE and
I communities that are already users of the ADAPT system.

ADAP’T: All DG
images per 100 km call

- .‘:
A

Densny Maps of ADAPT VHR data
Co-| Slayback

> 4 Petabytes, > 5.5 million imag




@/ Background - Why is an APl needed?

Commercial Data Status

1. The volume of commercial sub-meter remotely
sensed data is growing at rates exceeding
petabytes per year and the costs for data
storage systems and computing have both

dropped exponentially.

2. US federal contracts and licensing agreements
with DigitalGlobe has opened the door for “Big
Data” processing to characterize land surface
phenomena in HEC environments yet
integration into NASA Earth Science has been

slow (Neigh et al. 2013).
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Data sourced from the US DOD are difficult to use
by Earth scientists for 3 main reasons:

1. most of the very high-resolution (VHR) data
received at NASA-GSFC are not in a standard,
GIS-ready format, they come in Department of
Defense (DOD) National Imagery Transit Format
(NITF);

2. the raw data have poor horizontal and vertical co-
registration; and

3. once ortho’d GeoTiffs are produced the data can
have large file sizes (~5 Gigabytes for an individual
image at 0.3 m to 30+ Gigabytes for a strip of
those images) and require HEC environments to
process and analyze many images in an efficient
manner.
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Access has been provided via NGA to archived DigitalGlobe
Imagery for use in NASA-funded research

The National Geospatial-Intelligence Agency’s (NGA'’s) extensive
archive of commercial satellite data are available federally- NGA cdﬁme Arcllwe nata
funded USErs free Of direCt COSt' A nccessmlllqh*;enlulmnnalaiorunsniarmSclenceIm)\sn&lnrs (

-\ ; : Nl\ sa
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We manage data acquisition for these users, many of whom are https.//cad4nasa.gsfc.nasa.gov

university affiliates without access to interfaces such as NGDS.

Users register on our site, we verify NASA grant information for
non-NASA users, provide license information and a data use

.  Secure HTTP link
agreement. Users are provided passwords that allow for data Aatal Sz Lz sty

Data Request Data Retrieval

request submission, which we fill once signed DUAs are for data download

provided.

urrently: 340+ registered users, over 9 years we have fielded >
00 user requests that have resulted in > 60 publications.



https://cad4nasa.gsfc.nasa.gov/
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ew License

U.S. Government including all branches, departments, agencies, and offices
porary Licensed Users :

State Governments

Local Governments

Foreign Governments and inter-governmental organizations

NGO's and other non-profit organizations

gh-resolution commercial satellite imagery purchased by NGA is NextView license
ay provide the imagery to the above organizations when collaborating on an official purpose.

More information available here:



https://cad4nasa.gsfc.nasa.gov/images/NGA-NextView-License.png
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ork seeks to provide tools as an Application Program

ace (API) for mass processing spatially contiguous and
orally consistent archived NASA-GSFC DG VHR data that
only efficiently be performed on NASA HEC resources due
)G-NGA licensing limitations and computational DigitalGlobe  current process

uirements.
2 USGS

VHR data flow within the GSFC NCCS ADAPT

NASA Pl On Demand Access

with virtual machines

science for a changing world

1/2° normalized ortho mosaics

r objectives are to:

Improve VHR data querying: using databases and ArcGIS
)saic datasets within NASA-GSFC’s ADAPT global archive of
VHR imagery;

NCCS ADAPT

Produce on demand VHR regional mosaics: automating S

nates of surface reflectance, ortho-rectifiying and P, i Gl
alizing 1 m mosaics for pan and 2 m for multi-spectral; and

yduce on demand 4 m posting DEMs: leveraging HEC Difect ReadfDomnload
Ing and open source NASA-Ames software.
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NASA Pl On Demand Access

with virtual machines

NASA PI Direct Access




Data Discovery- Automated Database
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g from a firefox browser on

atial search on individual image
rvices.

review returned images; filter on
tributes.

reate selection, and export to CSV or
hapefile.

Juery results can be sent to the API.
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on ADAPT:

services

attributes

or shapefile

o Query results can be sent to the API

Recent Advances/Updates:

. Added capability to insert search parameters up-
front to the query, to reduce returned results to a
more manageable set of interest (eg via sensor,

years/imonths, cloud-cover, etc.).

update image services.

web query tool.

Data Discovery- Automated Dat

Querying from a firefox browser

o Spatial search on individual image
o Preview returned images; filter on

o Create selection, and export to CSV

. Updated mosaic datasets with new imagery, and

. Created parallel mosaic datasets containing the
reduced-resolution copies of the DG imagery, and
integrated the resulting image services into the
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EVHR Image Discovery
Web Application

Usage Workflow Demo




DEM Workflow: cont.
linking scientists with developers

orkflow on the NCCS ADAPT linux cluster (Collaborator Dan Duffy)

DEM workflow ADAPT linux cluster

Y

te on-demand processing of imagery for study sites

ase processing speed & efficiency, maximizing the use of HEC

low will benefit from interaction between scientists & developers

guide on-going software updates

) Inform software functionality based on science objectives.

A Ames Stereo Pipeline (Co-I Oleg Alexandrov)

2reogrammetry routines for processing DigitalGlobe image pairs

] ) NATIONAL AERONAUTICS
bash scripts (Co-I David Shean) AND SPACE ADMINISTRATION

+ABOUT NASA +LATEST NEWS +MULTIMEDIA +MISSIONS +WORK FOR NASA

+ NASA Home Neo-Geography Toolkit

oper scripts to optimize the stereogrammetry workflow et T N

Division =
+ Autonomous Systems \

and Robotics
+ Intelligent Robotics The Stereo Pipeline

Quick Links

The NASA Ames Stereo Pipeline (ASP) is a suite of free and open|  Version 2.6.0 of the Stereo
= = source automated geodesy and stereogrammetry tools designed Pipeline has been released!
Stereo P|pe||ne for processing stereo imagery captured from satellites (around

Earth and other planets), robotic rovers, aerial cameras, and * Overview

+ Home historical imagery, with and without accurate camera pose « Download the
information. It produces cartographic products, including digital Software
elevation models (DEMs), ortho-projected imagery, 3D models, * Read Documentation
and bundle-adjusted networks of cameras. ASP's data products e See Example DEMs
+ Stereo Pipeline Examples are suitable for science analysis, mission planning, and public « Join the Mailing List

outreach. * Contributing

The Stereo Pipeline is part of the NASA NeoGeography Toolkit.

Shean, Alexandroy et al, P&RS 201§



https://www.sciencedirect.com/science/article/pii/S0924271616300107
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...... . 25 km

Study sites in Tanana Valley, Alaska )
HRSI DSMs N

[l processed for this study
[] processed for ArcticDEM

Reference lidar

~«| ~ used in this study
! collected across TIU

VALLEY

Tanana Inventory
Unit {TIU)

Moniasano, Naijgh ef al. RSE 2019

64°N

66°N

e Tanana Valley, Alaska where GLIHT lidar provided reference measurements
d vertical forest structure for coincident strips of DSMs (Upper). Aerial images
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https://doi.org/10.1016/j.rse.2019.02.012

M Workflow: Scaled-up, APl-adapted, Enhancec B

Co-l Paul Montesano
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APl-adapted: adapting the DEM Workflow
to run routinely and flexibly (small scenes,
large strips, single nodes, many nodes) on
cluster VMs.

Standard: versio
DEM Workflow wi

Normalized Cross Co

SGM.




Processing Workflow
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Example APl outputs

*TOA Ortho:
WV3 5/7/2015 RGB

©Nextview DigitalGlobe 2015




Example API Outputs

DEM: WV35/7/2015 RGB drapped on a WV2 stereo image 2/26/2012

FNEY
©Nextview DigitalGlobe 2015
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Example API - Virtual Mosaic Outputs

op of Atmosphere and
urface Reflectance

outputs will be delivered
via Virtual Mosaics (.vrt)

— Virtual Mosaics offers
more flexibility and
user control than a
single output
geoTIFF

— User given both the
virtual raster and
underlying ToA and
SR images

— Can be converted
Into single-band
raster image using
proprietary or open-
source software
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Technical Development Overview

2 found through our own research that VHR data provide a wealth of site level informatic
es NASA Earth observation products and scientific results.

ork builds on the significant progress from previous work supported by NASA's Progra
restrial Ecology (TE)

irbon Cycle Science (CCS)

erdisciplinary Science (IDS)

yospheric Sciences (CS)

ancing Collaborative Connections for Earth System Science (ACCESYS)
1d-Cover Land-Use (LCLUC)

ouSs science applications can be performed with science ready VHR prc
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Surface water dynamics
in North American
Tundra — PI Carroll

(TE - ABoVE)

Carroll and Laboda 2017 RS

Analysis of woody
vegetation properties and
change across African
savannas — Pl Hanan
(TE) Axelsson et al. 2018 JB

Validation of Landsat
Tree Canopy Cover —
Pl Ranson (CCS)

Montesano et al. 2016 RS

Disturbance analysis in
New Zealand, mapping
validation — PI
(LCLUC)

de Beurs et al. 2016 IJAEOG

Improved fine scale
urban change
mapping — Pl Stow
(LCLUC)

loure ef al. 2018 RSE

Validation of paddy rice
planting expansion in
NE China— PI Dong
(LCLUC)

Dong et al. 2015 RSE

Mangrove canopy height
estimation for blue
carbon — PI Fatoyinbo
(TE — CMS)

Lagornasino et al. 2016 RS

Changes in tall shrub
abundance on the North
Slope of Alaska — Pl
Chopping (TE- ABoVE)

Duchesne et al. 2018 RSE

Training data for habitat
mapping for shorebirds
in California— PI
Swenson (NESSF)

Schaffer-Srnith et al. 2017

DO
N

Landsat 8 Ground
Control Point (GCP)
improvements with
WorldView — PI Storey
(Landsat Science Team)

LCLUC in southern
Ghana, validation — Pl
Stow (LCLUC)

Couliter et al. 2016 RSE

Characterizing a Cal/Val
site in Bolivia —
PI1 McCorkel

(Landsat Science Team)
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End-user Access Improvements
Co-l Dan Slayback

Image Discovery & EVHR Product Order Page Order Status Page

A National Aeronautics and Space Administration
~%A Goddard Space Flight Center

NCA\ National Aeronautics and Space Administration
~%A Goddard Space Flight Center
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Search All Search | Order Products Order Status
EVHR Job ID: | 9 Submit
Use this tool to search all imagery Use this tool to search WV sensors Use this tool to check status of previously
archives, including GeoEye and QuickBird, (Worldview-1, -2, and -3) by type of submitted orders, and to retrieve download
and to execute searches by sensor. imagery (Pan, Multispectral, Pan-stereo), links for completed jobs. Job status: Jobis complexe!
L i and optionally order products from search _
Product ordering is not available. results. You must have the job number returned at
4ob suibikssion] & Product path

] y c
Chris Neigh ivi m nt Notices Chris Neigh Privacy Policy & Important Notices

Jaime Nickeson C > Contact Us

Page Last Updated: 12/04/2019
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Plan for upgrades:
1. Update CAD4NASA website to include a single landing page Image Discovery/product ordering, and status querying:
» Search All — launches the Image Discovery (ID) application referencing all holdings (including QuickBird, GeoEye, Ikonos), by sensor, but with no product
ordering capabilities.
» Search/Order — launches the ID application with EVHR-capable datasets (Worldview-1,2,3), with product ordering capabilities enabled.
» Order Status — links to a new order status page, allowing user to check status of previously submitted jobs, and retrieve path to completed product files.
2. Updated mosaic datasets with new imagery, and implemented back-end upgrades.




Summary

2d >TB of Top of
ere and DEM
s through API

Pl mosaic processer

u n e n d 'tO' e n d Job Controller UL l ‘ IS l| De;i:a"yr

cing 1,000’s of ortho’ed - = End User
images.

Surface

Status of process Reflectance

| RS

. TRL-2 Status of connection

. TRL-3 Under development

B e B process Technology readiness
W aus Bl corei=ee levels as of April 2020
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